**Core tip:** In gastrointestinal endoscopy, simulation-based training has been shown to improve learning outcomes and performance in the clinical setting and offers unique advantages to trainees and educators. Four best practices, which are grounded in evidence and can help maximize the learning benefits of simulation-based training, are deliberate practice with mastery learning, feedback and debriefing, contextual learning, and innovative educational strategies.

INTRODUCTION
============

Simulation-based training allows learners to acquire knowledge, skills and behaviors in a low-risk environment\[[@B1]\]. In gastrointestinal endoscopy, current evidence supports the use of simulation-based training for novice endoscopists to promote skill acquisition, improve performance of initial clinical procedures, and accelerate the learning curve\[[@B2]-[@B6]\]. Additionally, simulation can be used to enhance endoscopic non-technical skills and train advanced endoscopic procedures, such as polypectomy\[[@B7]-[@B9]\]. Simulation offers an ideal environment for training, as individuals can engage in sustained deliberate practice, work through tasks at their own pace, and build a basic framework of skills and techniques. Importantly, trainees can make mistakes with no patient risk and learn from those mistakes\[[@B10]\]. Simulation also offers advantages for educators, as they can systematically vary training tasks to enhance learning and focus solely on the learner rather than juggle teaching and clinical roles\[[@B11]\].

Despite these advantages, simulation-based training is not universally effective. For example, a 2004 study showed that simulation has no effect on endoscopic skill-acquisition when delivered without feedback from instructors\[[@B12]\]. Simulation is an educational platform through which endoscopy training can be delivered to achieve specific, pre-defined learning goals\[[@B13]\]. Simply providing trainees with access to simulators does not guarantee learning. To be effective, simulation must be integrated into training in a thoughtful and purposeful manner. Additionally, the rationale for incorporating simulation into curricula depends on the magnitude of training benefits, potential cost savings from accelerated learning, and training needs\[[@B14]\]. Overall, the integration of simulation-based training should be thoughtful, deliberate, and grounded in evidence to maximize its learning benefits and outweigh associated costs\[[@B15]\].

This review focuses on four best practices in simulation-based education which can be used to enhance endoscopic training using simulators: (1) deliberate practice with mastery learning; (2) feedback and debriefing; (3) contextual learning; and (4) innovative educational strategies. Within these topics, we will discuss the empirical data supporting their use and practical tips for implementation (Table [1](#T1){ref-type="table"}). The benefits of simulation-based training in endoscopy and details of specific endoscopic simulators and curricula have been summarized in multiple recent systematic reviews, and will not be reviewed in depth\[[@B2]-[@B6]\]. Additionally, as there is a lack of data on costs associated with endoscopic simulation, this topic will not be covered in this review\[[@B16]\].

###### 

Best practices in endoscopic simulation-based training

  **Educational Strategy**                                                                                                                                                                                                                                                                                                               **Key points**
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Deliberate practice with mastery learning                                                                                                                                                                                                                                                                                              Deliberate practice: repetitive performance of a skill, constructive feedback, and exercises to correct errors and improve performance
  Mastery learning: consistently demonstrating a predefined level of proficiency in a task. Key principles include: baseline assessment; clear and progressive learning objectives; minimum passing standards; educational activities based on predefined objectives and standards; and serial formative assessments to gauge progress   
  Feedback and debriefing                                                                                                                                                                                                                                                                                                                Endoscopic simulation in the absence of feedback may be ineffective
  Feedback should be simple, goal-directed, based on observable behaviors, and ideally delivered during a debrief at the end of a simulated procedure                                                                                                                                                                                    
  Educators may supplement feedback with validated endoscopic assessment tools and input from other sources, such as nurses, anesthesiologists, and standardized patients                                                                                                                                                                
  Debriefing should be a two-way process through which trainees and their trainers identify gaps in performance, explore the basis of those gaps, and establish tasks to improve performance                                                                                                                                             
  Contextual learning                                                                                                                                                                                                                                                                                                                    Initial training should focus on acquisition of basic skills such as endoscope navigation and torque steering, and progress to simulated tasks of increasing complexity and difficulty
  The introduction of team-based practice through hybrid simulation models can allow trainees to practice non-technical skills, such as communication, decision making, leadership, and crisis management                                                                                                                                
  Varying tasks during training can better prepare trainees to handle variation in anatomy, pathology, and difficulty during real procedures                                                                                                                                                                                             
  Innovative educational design                                                                                                                                                                                                                                                                                                          Endoscopy simulation curricula grounded in educational theory and empirical data have been shown to improve transfer of learning outcomes to the clinical environment
  Training programs can improve learning by implementing simulation sessions at more widely spaced intervals                                                                                                                                                                                                                             
  Just-in-time simulation training may be used to allow trainees to "warm-up" before performing complex tasks in the clinical environment                                                                                                                                                                                                
  Novel educational strategies emerging in simulation include the application of game design elements and the use of head-mounted displays to create an immersive experience                                                                                                                                                             

DELIBERATE PRACTICE WITH MASTERY LEARNING
=========================================

Not all practice is perfect. Practice must be purposeful and systematic or "deliberate". Deliberate practice involves focused repetitive performance of a skill, coupled with constructive feedback that identifies weaknesses, and promotes self-reflection and error correction to improve performance\[[@B17]\]. Simulation-based training should be delivered in such a way that it allows learners to practice important skills, receive focused feedback, and improve until they achieve mastery. Mastery refers to the ability to consistently demonstrate a predefined level of proficiency on a task before advancing to the next task\[[@B18],[@B19]\]. In this way, individuals progress through tasks of increasing level of difficulty. Key principles in mastery-learning models include a baseline assessment to determine the appropriate level of difficulty of initial simulation-based activities, clear and progressive learning objectives, minimum passing standards (*i.e*., learning outcomes), educational activities focused on achieving predefined objectives and standards, and serial formative assessments to gauge progress\[[@B19],[@B20]\]. For mastery learning to be most effective there should be multiple different simulation experiences which increase in challenge.

In a recent systematic review of studies in procedural settings, such as surgery and airway management, simulation-based training with mastery learning was associated with better learning outcomes as compared to training without\[[@B18]\]. Additionally, randomized trials in resuscitation and laparoscopic surgery have shown that deliberate practice-based models lead to superior performance in both the clinical and simulated settings\[[@B21]-[@B24]\]. In endoscopy, no studies exist which directly compare mastery learning or deliberate practice with other simulation-based learning strategies. One study, however, found that a mastery learning-based simulation curriculum, as compared with no training, resulted in superior clinical colonoscopy performance\[[@B25]\]. Two other pre-post studies found that mastery learning-based curricula resulted in improved performance of simulated colonoscopy\[[@B26],[@B27]\].

Simulation offers an ideal setting for trainees to engage in mastery learning principles and deliberate practice without posing risk to patients\[[@B28]\]. The simulated environment allows learners to repetitively perform the intended skills, receive focused feedback to identify and correct errors, and adjust training to target specific skills or build upon existing competencies with increasing levels of challenge\[[@B17]\]. Despite these potential advantages, incorporating mastery learning principles poses several challenges. First, as trainees are required to all meet the same objectives, training time will vary. In many cases, a mastery model will require more time\[[@B18]\]. Additionally, learning objectives, key simulation-based metrics and minimum passing standards in endoscopy are not well defined.

FEEDBACK AND DEBRIEFING
=======================

Provision of data on a performance (feedback) and conversations about the performance (debriefing) drive improvement and are essential components of simulation-based training\[[@B29],[@B30]\]. Endoscopic simulation in the absence of these elements may be ineffective\[[@B2],[@B12]\]. Additionally, a recent randomized trial demonstrated that a structured, simulation-based curriculum which included feedback and debriefing with expert endoscopists, led to superior transfer of skills to the clinical environment, compared to self-regulated simulation-based training with no feedback or debriefing\[[@B31]\]. Given the importance of these practices, it is important to align feedback and debriefing with the goals of endoscopic training. Practical considerations include the timing of feedback, the content, and the manner in which feedback is delivered.

In the simulated setting, trainees can progress through cases and solve problems independently with no risk to patients. This allows learners to receive feedback after completion of a procedure, a practice that is more effective for endoscopic skill-acquisition compared to feedback received during a procedure\[[@B32]\]. Constant feedback may place an increase cognitive load on novice endoscopists as they attempt to focus on both the procedure and their instructors' feedback\[[@B33]\]. Additionally, trainees may begin to rely on feedback as instruction to guide them through procedures and the skills is not optimally learned\[[@B34]\]. Feedback during a procedure should be limited to providing key information when required. Additionally, when receiving feedback during a procedure, the trainee should be asked to briefly stop what they are doing so they can focus on the feedback and then proceed with the procedure. Delivery of feedback during a post-procedure debriefing session is key as it allows the trainee and trainer to mutually identify gaps in training, explore the basis of the gaps, and set activities for skills improvement\[[@B35]\].

In keeping with the principles of mastery learning and deliberate practice, feedback should be specific, goal-directed, actionable, and focused on improvement\[[@B17],[@B36],[@B37]\]. Feedback should be non-judgmental, relate to pre-specified objectives, it should be based on observable behaviors and it should focus on well-defined and achievable points to avoid overburdening the trainee. Engaging trainees in a two-way feedback conversation is crucial, as it helps to promote self-reflection. Feedback should aim to foster trainee's conscious understanding of the procedure. As trainees advance, the feedback conversation should focus on critical challenges that arose during the simulated procedure, encourage the learner to reflect on the problem and propose potential solutions which can be then be discussed\[[@B11]\]. Questioning encourages active engagement, reflection and independent thought rather than simply being informed of the best option\[[@B37]\].

Trainers can supplement feedback discussions with objective indicators of performance such as a video of the simulated procedure or data from endoscopy assessment tools with strong validity evidence. These tools, which include the Gastrointestinal Endoscopy Competency Assessment Tool (GiECAT)\[[@B38]\], the Mayo Colonoscopy Skills Assessment Tool (MCSAT)\[[@B39]\], the Assessment of Competency in Endoscopy (ACE) tool\[[@B40]\], and the Joint Advisory Committee of GI Endoscopy's Direct Observation of Procedure (JAG DOPS) Assessment Tool\[[@B41]\], can help guide debrief sessions and identify areas of weakness. Feedback from other sources can add another dimension to simulation-based training sessions and help to further characterize trainees' deficiencies. For example, the Nurse-Assessed Patient Comfort Score (NAPCOMS) may be employed with high-fidelity simulators where indicators of patient comfort and sedation are available throughout the procedure\[[@B42]\]. Additionally, training programs can implement a hybrid simulation model, in which trainees practice on a simulator while interacting with a standardized patient (actor portraying a patient)\[[@B43]\]. Through these simulated cases, standardized patients and nurses can participate in debriefing and act as additional sources of feedback. They can also provide insight into the integrative and cognitive aspects of endoscopy, in addition to the technical aspects. Proficiency in all three of these domains is required for competence in endoscopy, and thus they are increasingly incorporated into simulation-based curricula in endoscopy and assessment tools\[[@B31],[@B44]\].

With a growing emphasis on patient safety and a shift towards competency-based postgraduate training curricula in gastroenterology, the provision of feedback and debriefing to enhance performance is crucial\[[@B45],[@B46]\]. Using the large body of empirical research on these topics, instructors can help trainees continually build upon their competencies in endoscopy.

CONTEXTUAL LEARNING
===================

A fundamental concept for instructional design of endoscopic simulation-based training curricula is the applicability, or transfer of training experiences to clinical performance. This transfer can be affected by a range of factors related to the context of training, including trainees' developmental levels, provision of team training, and task variability\[[@B30]\].

Simulation-based training should match specific learning objectives and a learner's developmental level. For example, novice endoscopists can acquire the basic skills of video interpretation, endoscopic handling, and torque steering by practicing on a low-fidelity, bench-top simulator\[[@B47]\]. Training on low-fidelity simulators allows educators to attach precise tasks with physical platforms to target specific learning objectives, a concept known as functional task alignment\[[@B13]\]. This design approach has been identified as a key feature of effective simulation in multiple systematic reviews\[[@B1],[@B20],[@B48]\]. In a recent randomized trial, learners progressed from a low-fidelity, bench-top simulator to a virtual reality simulator with higher fidelity and completed simulated cases in order of increasing complexity and difficulty (Figure [1](#F1){ref-type="fig"})\[[@B47]\]. This progressive model of learning improved skill acquisition and transfer of skills to the clinical setting compared to a curriculum using only high-fidelity simulation, supporting the notion that aligning task difficulty to learner skill allows learners to be optimally challenged, which, ultimately, enhances learning\[[@B49]\].

![An example of a progressive model of endoscopic simulation-based training whereby learners complete tasks of progressively increasing difficulty as their skills improve. Endoscopic simulators are matched to the task](WJGE-11-209-g001){#F1}

Simulation also offers opportunities to train endoscopists in team-based settings using the aforementioned hybrid simulation model\[[@B8],[@B43]\]. In this model, simulators are linked to a simulated patient and other team members, such as an endoscopy nurse or anesthesiologist. Learners can engage in these simulations in the naturalistic setting of an endoscopy suite and perform procedures while building their skills in communication, decision making, leadership, coordination, and crisis management. Practicing in team-based settings can help automate such behaviors, making them more resilient to the effects of stress, which, in turn, leads to improved performance under stressful conditions\[[@B50]\]. Recent randomized trials support the use of hybrid simulation in endoscopy as a means to improve transfer of critical non-technical skills to the clinical environment\[[@B7],[@B31],[@B47]\].

Another important factor in the applicability of training experiences to the clinical environment is task variability. Live endoscopic procedures present variation with respect to anatomy, procedural difficulty, and pathology encountered. Varying tasks during simulation-based training can increase exposure to a broader range of endoscopic skills and situations, and result in enhanced initial skill acquisition and long-term retention of skills\[[@B1],[@B51]\]. While no studies have examined the impact of task variability in endoscopy, a study from the laparoscopic surgery literature suggests that simulation-based training incorporating variability improves flexibility of trained skills among trainees. Endoscopy teachers can incorporate these principles by using a combination of different cases on both low- and high-fidelity simulators, as described above, and incorporating modules to train specific technical skills, such as polypectomy, or cognitive skills, such as lesion recognition\[[@B9]\].

INNOVATIVE EDUCATIONAL DESIGN
=============================

Endoscopy curricula are increasingly incorporating instructional design elements grounded in educational theory and empirical findings from the educational literature. Recent studies by Grover et al\[[@B7],[@B31],[@B47]\] have demonstrated the potential benefits of this strategy, with trials of simulation-based training with a structured curriculum, a progressive learning model, and with structured non-technical skills training resulting in improved transfer of skills to the clinical environment. Additionally, there are several emerging educational strategies that can potentially be applied to endoscopic simulation-based training including spaced practice, just-in-time training, gamification, and immersive virtual reality.

In spaced practice, training is separated into several discrete sessions over a prolonged period. In contrast, most endoscopy curricula are delivered as massed practice, with training taking place during a single time period lasting hours or days\[[@B2]\]. Practice distributed over time yields better learning than compressed practice, in a phenomenon known as the spacing effect\[[@B52]\]. While no studies have evaluated spaced and massed practice directly in endoscopy, a recent trial by Ende et al\[[@B53]\] described novice endoscopists performing simulated cases for two hours each week, over a four month period. Trainees who underwent this spaced practice program had superior performance of diagnostic upper endoscopy compared to trainees who practiced on real patients in the 4-mo window\[[@B53]\]. Educators with access to simulators can take advantage of spaced practice principles by introducing booster sessions, which describe training sessions which take place after initial massed training, and just-in-time training, which describe refresher sessions conducted prior to a luminal rotation with a high endoscopic case volume\[[@B54]-[@B56]\]. Just-in-time simulation training could also be used to prepare trainees for more complex skills such as polypectomy, whereby trainees 'warm-up' on a simulator before completing the task in real life; a strategy which has been shown to be useful in other procedural domains\[[@B57],[@B58]\].

Another innovative and potentially applicable educational strategy is gamification. Gamification, or the application of game design elements (*e.g*., points, badges, and leaderboards) to a traditionally nongame contexts (*e.g*., simulation curricula, learning activity), is increasingly being used within medical education\[[@B59],[@B60]\]. Studies from the broader simulation literature highlight the potential role of gamification as a means to enhance leaner motivation, engagement and procedural skills performance\[[@B59],[@B61]-[@B64]\]. For example, MacKinnon et al\[[@B63]\] showed that a leaderboard was a positive motivator for simulated CPR practice and Mokadam et al\[[@B62]\] used gamification to increase trainees' use of a small-vessel anastomosis simulator, resulting in skills improvement. Game design elements which rank participants, such as leaderboards, are purported to increase learners' sense of control and competence as they enable learners to set attainable process goals\[[@B59]\]. Additionally, gamification can potentially enhance learners' sense of relatedness (interconnectedness with other learners and teachers) which is thought to enhance engagement\[[@B59]\]. While gamification is a potentially useful educational strategy, there is only one study, which is currently in progress, that aims to examine the use of gamification within the endoscopic simulation-based training context\[[@B65]\]. Educators must remember that when integrating gamification, it must be done so purposefully, in that it should align with the learning goals of the simulation-based training to enhance learner motivation and engagement, and ultimately, improve learning\[[@B59]\].

Recently, the concept of immersive virtual reality has been introduced in simulation research. This represents an attempt to improve the realism of simulated settings and increase the user's sense of presence. For example, a recent study in laparoscopic surgery reported on the integration of a virtual reality simulator with a head-mounted display to create an immersive experience in which users have a wide field of view with head tracking and depth perception that more closely represents human vision\[[@B66]\]. The use of such displays has received positive reviews from operating room staff and has been shown to improve response time and performance scores during a simulation of an operating room emergency\[[@B67],[@B68]\]. While studies are needed to assess the learning benefits of immersive virtual reality in endoscopy, the rise of commercially available virtual reality head-mounted displays may allow for the incorporation of this technology into simulation training programs.

CONCLUSION
==========

Simulation-based training is increasingly being incorporated into endoscopy curricula. Despite its growing use, there remains a need to integrate evidence-based strategies such as deliberate practice with mastery learning, feedback and debriefing, contextual learning, and innovative educational design. Educators looking to implement simulation-based training should consider the specific objectives of training, learner's needs, the magnitude of potential training benefits, and associated costs and prospective savings. When done in a thoughtful and deliberate manner, training programs can maximize the potential learning benefits of simulation.
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